Oriented protein adsorption to gold nanoparticles through a genetically encodable binding motif.
Simple, stable, and specific methods for immobilizing proteins on gold surfaces are needed for the development of applications that rely on the oriented attachment of proteins to gold surfaces. We report a direct, stable, genetically encodable method for the oriented chemisorption of proteins to gold nanoparticles (Au NPs) through the tetracysteine motif (C-C-P-G-C-C) while simultaneously suppressing protein physisorption. Mutants of ubiquitin (Ub) and enhanced green fluorescent protein (eGFP) containing the tetracysteine motif were produced and displayed stronger adsorption to the NPs than did native proteins. An eGFP mutant with a dicysteine motif (G-C-C) did not show a significant improvement in binding to Au NPs compared to that of the wild-type protein. The binding of the proteins to Au NPs of various sizes (14, 18, 28, and 39 nm) was explored. The small Ub tetracysteine mutant stabilized several sizes of Au NPs, and the eGFP tetracysteine mutant clearly had the strongest chemisorption to the 18 nm NPs. The control of binding orientation for proteins bearing a tetracysteine motif was demonstrated through the enhanced specific binding of protein-NP conjugates to immobilized targets.